Weightlessness can cause various damages especially on the musculoskeletal system both in animals and humans. The aim of our study was to observe the influence of simulated, long-term microgravity on the spongy bone tissue of the femur in Japanese quails. A total of 80 cockerels at the age of 2 days were exposed to simulated microgravity -hypodynamy. After days 56, 63, 90 and 180, six birds from the experimental group and six birds from the control group were euthanised. Samples for histological examination were collected from femur epiphysis. The whole femur of the other limb was used for the analysis of the calcium content. Microscopic examination showed differences between experimental and control animals in the spongy bone tissue after every day of the experiment. In the experimental animals, there were numerous, big, multinucleated cells osteoclasts, lying on the bone trabeculae surface, which were damaged. The highest difference in the calcium content in femurs between the control and experimental animals was found after 90 days of hypodynamy. This study builds on short-term hypodynamy experiments; such long periods had never been studied before in birds. Because our findings are similar to those found in osteoporotic bone tissue, it could by useful in the development of countermeasures against the negative influence of microgravity and immobilization.
Osteoporosis is a systemic skeletal disease characterized by low bone mass and microarchitectural deterioration of bone tissue, with a consequent increase in bone fragility and susceptibility to fracture (WHO 1994) . Among the well known pathological conditions that can lead to development of osteoporosis are the absence of motion and weightlessness. That is why osteoporosis in connection with muscular atrophy occurs in immobilized patients and was also found in cosmonauts after longterm space missions.
In order to find out effective countermeasures to prevent the development of osteoporosis, it is necessary to know the cytological mechanism of how these changes develop, and to focus on the morphological changes in defected tissues. Experiments under real microgravity in space are demanding and very expensive, so several models for simulated microgravity on Earth -hypodynamy were created, using experimental animals such as birds, rats and monkeys. Japanese quails are small, unexacting birds with low body weight, fast individual development and high tolerance to difficult conditions, good reproduction and high production (Baumgartner and Hetenyi 2001) . Thanks to their good adaptability to microgravity they are great experimental animals for simulated microgravity (Skrobanek and Hrancova 2003) . In future they might be used in space shuttles during long-term space flights as producers of animal proteins for astronauts (Boda 1984 (Boda , 1997 .
In this work we focused on structural and ultrastructural changes in spongy bone tissue in Japanese quails and their development during different periods of long-term hypodynamy. Our results should enlarge knowledge about osteoporosis and should be useful in improvement of countermeasures to prevent expansion of these changes in immobilized patients or cosmonauts.
Materials and Methods

Animals and experimental design
The experiments were carried out at the Institute of Animal Biochemistry and Genetics of the Slovak Academy of Sciences in Ivanka pri dunaji. Forty newly hatched cockerels were used as experimental animals and forty as the control group. Both groups were kept in a windowless room with controlled ventilation and continuous lighting. The birds were fed HYD-13 commercial starter rations and fresh water ad libitum. To simulate microgravity, the birds were kept in special individual slings suspended by a flexible metal device, so they could not touch the ground with their feet, as was done before in a previous study (Skrobanek et al. 2004) . The care and use of experimental animals were in accordance with the laws and regulations of the Slovak Republic and approved by the Ethics Committee of the Institute of Animal Biochemistry and Genetics, Slovak Academy of Sciences, Ivanka pri Dunaji and the State Veterinary and Food Agency (ŠVPS SR Č.K. Ro-7879/04-220/3).
Microscopic examination
After days 56, 63, 90 and 180 of hypodynamy, six randomly selected birds from each group were euthanised. One whole pelvic limb was excised from each and fixed immediately in 4% neutral formaldehyde. These samples were examined for the presence of Ca in the femur using flame atomic absorption spectrophotometer. Samples of femur epiphysis of the other limb were taken for light microscopy (LM) and transmission electron microscope (TEM) examination. Samples for LM, sized 0.3 cm × 1.5 cm, were fixed in 4% neutral formaldehyde and decalcified in buffered ethylenediaminetetraacetic acid (EDTA) at pH 7.2. After decalcification they were embedded in paraffin and cut at microtome. Sections of samples 5-10 µm thick were stained with haematoxylin-eosin, observed and photographed under light microscope (AXIO Lab A).
Samples for TEM were fixed in 3% glutaraldehyde, stored in 0.1 M cacodylate buffer (pH 7.2) and decalcified in buffered EDTA at pH 7.2. Before embedding in synthetic resin Durcupan ACM they were postfixed in 1% osmium tetraoxide in 0.2 M cacodyle buffer and dehydrated in acetone. Semi-thin sections (1 µm) were cut by ultramicrotome Tesla BS 490, stained with toluidine blue and observed under light microscope. For TEM ultra-thin sections (90-120 nm) were biphasic contrasted with uranyl acetate and lead citrate, observed and photographed by the electron microscope Tesla BS 500.
Results
Histological changes in the spongy bone tissue of the femur of Japanese quail were found after each stage of hypodynamy. We subjectively noticed changes in the bone matrix, occurrence of bone trabeculae, and reduction of their thickness. On days 56 and 63 of hypodynamy there were wide bone trabeculae with uneven bone matrix colour, which we assumed to be the result of decalcification (Plates IV, V, Figs 1, 2, 3, 4) . The bone trabeculae had uneven, foveolated surface and were covered by large, bone resorpting osteoclast cells with foamy cytoplasm, containing 5-8 nuclei. On day 90 of hypodynamy there were bone trabeculae strongly reduced in thickness but their surface was not so markedly foveolated (Plate VI, Fig. 5 ). They were covered with osteoclasts, which were in comparison with previous days smaller with fewer nuclei. After 180 days of hypodynamy there were thin bone trabeculae with only sporadic presence of osteoclasts on their surface (Plates VI, VII, Figs 6, 7). The bone marrow in each period of hypodynamy contained blood forming elements and after 180 days of experiment it contained also lipid droplets. The bone marrow of control animals contained lipid droplets in all cases. The transmission electron microscope examination revealed the following submicroscopic changes: osteoclasts had an ultrastructure typical of the intracellular matrix, which points out to higher resorption activity of these giant cells. Foamy looking cytoplasm contained many vacuoles and vesicles, confirming their massive vesicular transport activity. In the sticking place of osteoclasts with bone trabeculae, fully developed ruffled border was noticeable consisting of highly folded microvilli (Plate VII, Fig. 8) .
differences in the calcium content of the femur between control and experimental animals were most visible after 63 and 90 days of hypodynamy and should be connected with higher activity of osteoclasts and increased bone demineralization.
Discussion
In the present study we proved that long-term hypodynamy has a negative effect on the spongy bone tissue of Japanese quails. Significant morphological findings such as increased number and size of osteoclasts, attenuation and destruction of the bone trabeculae indicated elevated resorptive activity of osteoclasts, failure in mineralization and osteosynthesis. Investigation of the calcium content in the femur supports our findings from light microscopic examination. Similar changes were found also in rats which were kept in simulated microgravity (Morey-Holton and Globus 2002; Planel 2004 ). Other animal experiments were performed on monkeys, which were held in a sitting position for six months. Histological examination shows reduction in the spongy bone tissue of vertebras (Planel 2004) .
This study follows previous research on the Japanese quail bones conducted by Zibrin et al. (2003) with different periods of hypodynamy. Bones are not the only one tissue affected by weightlessness. Long-term experimental hypodynamy induced disorders of kidneys (Almasiova et al. 2008) , muscles of the pelvic limbs (Holovska et al. 2011) , adrenal glands (Cigankova et al. 2005 ) and morphological changes were also found in cells of the small intestine epithelium (Cigankova et al. 2007 ). All these studies increased our knowledge about the risks of long-term space missions, immobilization or lack of physical activity. These studies can be used for development of more effective countermeasures beside those used in osteoporosis treatment to reduce its negative influence on human and animal body. 
